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(54) De-spread code phase detection apparatus in spread spectrum type receiver 



(57) A de-spread code phase detection apparatus in 
an SS receiver having a RAKE synthesizing demodula- 
tion function of receiving a pilot signal and a data signal 
which have undergone spread spectrum modulation, 
detecting a plurality of different de-spread code phases 
used for demodulation by performing de-spread 
processing of the pilot signal, separately performing de- 
spread demodulation of the data signal by using the plu- 
rality of de-spread code phases, performing predeter- 
mined weighting processing for the outputs upon phase 
matching, synthesizing the outputs, and outputting the 
resultant data, includes a search correlator, a search 
processing control section, and a search processing sec- 
tion. The search correlator obtains correlation results of 
the pilot signal and a de-spread code while sequentially 
changing the phase of the de-spread code. The search 
processing control section receives correlation results 
sequentially output from the search correlator and 
extracts a correlation result as a peak value. The search 
processing section detects a plurality of de-spread code 
phases used for demodulation by obtaining a plurality of 
correlation results from the correlation results extracted 
by the search processing control section in the order of 
decreasing values. 
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Description 

The present invention relates to a direct sequence 
spread spectrum (to be simply referred to as an SS here- 
inafter) communication system receiver and, more par- 5 
ticularly, to a de-spread code phase detection apparatus 
for detecting a de-spread code phase used for demodu- 
lation. 

It is important for an SS receiver to perform initial 
acquisition of a de-spread code phase used for demod- 
ulation and hold it afterward. In order to facilitate such 
synchronous acquisition or synchronous tracking, a dig- 
ital cellular system of a CDMA scheme standardized in 
July 1993 in North America (TIA • IS-95) uses a scheme 
of adding a pilot signal to a data signal and transmitting 
the resultant signal from a base station to a mobile sta- 
tion. A plurality of different base stations use the same 
frequency, and the phases of the spread codes of pilot 
signals used among the respective base stations are 
shifted from each other by several tens to several millions 
chips, thereby identifying each base station. Signals 
transmitted from different base stations can therefore be 
demodulated by changing the phase of a de-spread 
sequence to be multiplied by a correlation demodulator 
in a receiver. In addition, propagation delay path, varia- 2s 
tions of received power due to Rayteigh fading caused 
by movement of a receiver, and soft handoff (soft hando- 
ver) tike simultaneous reception from different base sta- 
tions can be realized by performing RAKE synthesizing 
demodulation, i.e., independently performing de-spread so 
demodulation of data signals by using different de- 
spread code phases, performing phase matching of the 
resultant outputs, weighting the outputs with predeter- 
mined weighting factors, synthesizing the outputs, and 
outputting the resultant data. 3s 

Figs. 1A and 1B are block diagrams respectively 
showing the arrangement of a general SS receiver and 
the arrangement of a conventional SS receiver. An SS 
transmitter 1 includes an information modulator 2, a 
spread modulator 3, a spread code generator 4, a mod- 40 
ulator 5. and an antenna 6 as main components. A data 
signal (channel data signal) having undergone informa- 
tion modulation in the information modulator 2 and a 
spread code generated by the spread code generator 4 
and corresponding to a mobile station as a communica- 45 
tion target are sent to the spread modulator 3. The 
spread modulator 3 multiplies these two signals to per- 
form spread modulation thereof. Meanwhile, a signal 
consisting of an all "0" (or all "1") sequence having no 
information is spread-modulated as a pilot signal by so 
using a known spread code (to be referred to as a PN 
hereinafter). The channel data signal and the pilot signal, 
which have undergone spread modulation in the above 
manner, are added together. The resultant signal is sup- 
plied to the next modulator 5 to be modulated. The mod- ss 
ulated signal is then PF-amplrfied and transmitted to the 
air through the antenna 6. 

A conventional SS receiver 7 includes an antenna 
8, a RF demodulator 9. an A/D converter 1 0, a de-spread 



demodulator 1 1 , a synchronous acquisition tracking unit 
12, and an information demodulator 13. Upon receiving 
a signal through the antenna 8, the SS receiver 7 demod- 
ulates the RF signal through the RF demodulator 9 and 
sends the demodulated signal to the A/D converter 10. 
The de-spread demodulator 1 1 and the synchronous 
acquisition tracking unit 12 are connected in parallel with 
the output of the A/D converter 1 0. First of all, in order to 
establish initial synchronization, a de-spread code phase 
PN' used for demodulation is extracted from a pilot signal 
contained in the output from the A/D converter 1 0. In this 
operation, the synchronous acquisition tracking unit 12 
searches for a code phase by a sliding correlation 
method of multiplying the output from the A/D converter 
1 0 by the same spread code PN as that on the transmis- 
sion side while sequentially changing the phase of the 
spread code PN at a predetermined window period, and 
obtaining the correlations between the resultant values. 
The phase of the pilot signal which provides the maxi- 
mum correlation result in de-spread demodulation based 
on this sliding correlation method is determined as the 
synchronous phase PN'. With this operation, initial syn- 
chronization is established. After the establishment of 
the initial synchronization, the synchronous acquisition 
tracking unit 12 holds the synchronous phase PN* such 
that the corresponding correlation result always 
becomes maximum. 

In order to obtain an accurate code phase in the 
above synchronous acquisition and holding operation, 
the synchronous acquisition tracking unit 12 generally 
performs synchronous acquisition tracking within a res- 
olution of 1/2 chip or less (e.g. , 1/4 chip). This is because 
a code having a large correlation (i.e., an auto-correla- 
tion function close to the 6 function) like an M -sequence 
PN code is generally used as a spread code in an SS 
communication scheme, and even a shift corresponding 
to one chip will make the correlation value power output 
smaller than the maximum value by several tens dB or 
more. In practice, in search processing, the synchronous 
acquisition tracking unit 12 searches such spread codes 
having large auto-correlations for a code phase used for 
demodulation with a higher resolution (e.g., a precision 
of 1/4 chip). 

When only one de-spread code phase is to be used 
for demodulation, the synchronous acquisition tracking 
unit 12 may perform synchronous acquisition tracking to 
search for a code phase exhibiting the maximum corre- 
lation. However, in performing RAKE synthesizing 
demodulation, search processing is performed for the 
required number of code phases. When, for example, 
three de-spread code phases are to be used, search 
processing is performed for code phases exhibiting the 
first second, and third strongest power values as the cor- 
relation results. 

As described above, in the conventional SS receiver, 
the synchronous phase PN' used for demodulation is 
determined in accordance with the magnitudes of the 
power values as correlation results. If only one code 
phase is to be used, no problem is posed. If, however, a 
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plurality of code phases are used for demodulation, as 
in RAKE synthesizing demodulation, it is highly probable 
that the second and subsequent largest code phases 
may be erroneously obtained. This will be described 
below. 5 

Fig. 2 shows a delay profile indicating how the cor- 
relator output power changes upon switching of code 
phases. Referring to Fig. 2, the abscissa indicates the 
searched code phases; and the ordinate, the correlator 
output power values (correlation results) corresponding 10 
to the respective code phases. As described above, 
according to the prior art, since the first, second, and 
third strongest correlator output power values are 
obtained, the results sequentially correspond to points 
B, A, and C. However, the code phases to be obtained is 
correspond to the point B and points E and H, respec- 
tively. This is because the points B, E, and H are the code 
phase points corresponding to the strong correlation 
results of signal components which have arrived at dif- 
ferent timings, i.e. three signals come through these dif- 20 
ferent paths, the points E and H correspond to the delay 
components of signals having the point B, and the points 
A and C correspond to portions of the auto-correlation 
functions of the signal components having the point B. 

Fig. 3 shows a computer simulation result which is 25 
actually performed with respect to auto-correlation func- 
tions when the resolution in searching for a spread code 
used as a pilot signal is set to be 1/4 chip in TIA • IS-95 
described above. Let W be the auto-correlation output 
obtained when the phase of a received sequence (PN) 30 
is the same as that of a sequence (PN) used for corre- 
lation processing in a receiver, i.e. , when there ts no code 
phase shift. When the PN' shifted from the PN by ±1/4 
chip, the output was 3W/4 (about -1 .3 dB : W). When the 
PN* shifted from the PN by ±1/2, the output was W/2 35 
(about -3.0 dB : W). When the PN* shifted from the PN 
by ±3/4 chip, the output was W/4 (about 6.0 dB : W). That 
is. sufficiently large results could be obtained as com- 
pared with the result (minus several tens to minus ten- 
odd dB : W) obtained when the PN* shifted from the PN 40 
by one or more chips. This improves the resolution in 
search processing. In the conventional method of obtain- 
ing a code phase used for demodulation in accordance 
with the magnitudes of the power values of correlator out- 
puts, portions of the auto-correlation function occupy as 
upper ranks in the magnitude order of the power values. 
As a result, these code phases may be used for demod- 
ulation. 

In the above case, three different code phases are 
used for RAKE synthesizing demodulation. However, the so 
number of code phases need not be limited. Although 
the above simulation describes results of spread codes 
used as pilot signals in the cellular telephone system of 
the CDMA scheme which is standardized in North Amer- 
ica (TIA • IS-95) are described, the same results can be ss 
obtained by using other M-sequence PN codes and the 
like, in addition, the simulation shows the results 
obtained by performing calculation for all the correlations 
of spread codes (the correlations obtained by calculation 



correlations throughout the total length of one 
sequence). If, however, processing is performed by per- 
forming partial correlation calculation of calculating a 
correlation with respect to a portion of the sequence, 
worse results are obtained. That is. the correlation output 
obtained when the code phase shift is one chip or more 
may become larger than the maximum output by -1,25 
dB (in the above case, the shift is ±1/4 chip). For refer- 
ence, Fig. 4 shows the 1 ,024 chip partial correlation and 
256 chip partial correlation of a spread code used in TIA- 
• IS-95 (correlations are calculated throughout 1,024 
chips and 256 chips, which are portions of the sequence 
whose total length corresponds to 32,768 chips). 

As described above, in the conventional SS receiver, 
portions of a correlation function are searched out as 
code phases used for demodulation. After the search 
processing, it is difficult to check whether the obtained 
values are portions of a correlation function or signal 
components which have arrived at different timings. For 
this reason, code phases corresponding to the portions 
of the correlation function are often used for demodula- 
tion, resulting in a deterioration in the resolution of the 
demodulation result. 

The present invention has been made in considera- 
tion of the above situation, and has as Hs object to accu- 
rately detect a plurality of de-spread code phases used 
for demodulation in an SS receiver having a RAKE syn- 
thesizing demodulation function of performing de-spread 
demodulation of a data signal by using a plurality of de- 
spread code phases. 

In order to achieve the above object, according to 
the basic aspect of the present invention, a de-spread 
code phase detection apparatus in an SS receiver having 
a RAKE synthesizing demodulation function of receiving 
a pilot signal and a data signal which have undergone 
spread spectrum modulation, detecting a plurality of dif- 
ferent de-spread code phases used for demodulation by 
performing de-spread processing of the pilot signal, sep- 
arately performing de-spread demodulation of the data 
signal by using the plurality of de-spread code phases, 
performing predetermined weighting processing for the 
outputs upon phase matching, synthesizing the outputs, 
and outputting the resultant data, comprising a search 
correlator for obtaining correlation results of the pilot sig- 
nal and a de-spread code while sequentially changing a 
phase of the de-spread code, a search processing con- 
trol section for receiving correlation results sequentially 
output from the search correlator and extracting a corre- 
lation result as a peak value, and a search processing 
section for detecting a plurality of de-spread code 
phases used for demodulation by obtaining a plurality of 
correlation results from the correlation results extracted 
by the search processing control section in the order of 
decreasing values. 

In the above basic aspect, the search processing 
control section determines a correlation result as a peak 
value by comparing a correlation result output from the 
search correlator with immediately preceding and suc- 
ceeding correlation results. 
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According to another aspect of the present inven- 
tion, in addition to the arrangement of the above basic 
aspect, the apparatus further includes threshold setting 
means for setting a threshold on the basis of a correlation 
result output from the search correlator in the past, and 5 
wherein the search processing control section extracts 
a correlation result which exceeds the threshold set by 
the threshold setting means and is larger in value than 
preceding and succeeding correlation results. 

As indicated by points B, E, and H in the delay profile 10 
in Fig. 2, the code phase points, of signal components 
having arrived at different timings, which have strong cor- 
relation results become peak values on the shape of the 
delay profile. That is. each of the correlation results at 
the points B, E, and H is stronger than both the oorrefa- is 
tion results of the adjacent code phases. On the other 
hand, correlation results influenced by auto-correlation 
functions like those at points A and C do not become 
peak values. Such a correlation result is smaller than one 
of the correlation results of the adjacent code phases. 20 
The present invention is based on the shape of such a 
delay profile. The search processing control section 
receives correlation results sequentially output from the 
search correlator and extracts correlation results as peak 
values. The search processing section obtains a plurality 2s 
of correlation results from the correlation results 
extracted by the search processing control section in the 
order of decreasing values. With this operation, a plural- 
ity of de-spread code phases used for demodulation are 
detected with high precision. 30 

The above and many other advantages, features 
and additional objects of the present invention will 
become manifest to those versed in the art upon making 
reference to the following detailed description and 
accompanying drawings in which preferred structural 35 
embodiments incorporating the principles of the present 
invention are shown by way of illustrating example. 

Figs. 1A and IB are block diagrams respectively 
showing the arrangements of a general SS transmit- 40 
ter and the arrangement of a conventional SS 
receiver; 

Fig. 2 is a graph showing a delay profile indicating 
how the correlator output power changes upon a 
code phase switching operation; 45 
Fig. 3 is a graph showing a computer simulation 
result of an auto-correlation function throughout the 
entire length of a spread code sequence used as a 
pilot signal in a cellular telephone system of a CDMA 
scheme (Tl A • IS-95) ; so 
Fig. 4 is a graph showing a computer simulation 
result of auto-correlation functions throughout 1 ,024 
chips and 256 chips of a spread code used as a pilot 
signal in the cellular telephone system of the CDMA 
scheme (TIA • IS-95); S5 
Fig. 5 is a flow chart showing an example of search 
processing of de-spread code phases in the SS 
receiver in Fig. 1B; 



Fig. 6 is a block diagram showing the arrangement 
of an SS receiver to which an embodiment of the 
present invention is applied; 
Fig. 7 is a flow chart showing an example of process- 
ing performed by a search processing control sec- 
tion and a search processing section in the SS 
receiver in Fig. 6; 

Fig. 8 is a graph showing the manners of executing 
search processing in the present invention and the 
prior art in the process of obtaining de-spread code 
phases used for demodulation, and the search 
results; 

Fig. 9 is a block diagram showing the arrangement 
of another SS receiver to which an embodiment of 
the present invention is applied; and 
Fig. 10 is a flow chart showing an example of 
processing performed by a search processing con- 
trol section and a search processing section in the 
SS receiver in Fig. 9. 

The present invention will be described in detail 
below with reference to several preferred embodiments 
shown in the accompanying drawings. 

Fig. 6 is a block diagram showing the arrangement 
of an SS receiver to which the present invention is 
applied. An SS receiver 21 is used for a mobile station 
to receive a signal which is transmitted from a base sta- 
tion. The main components of the SS receiver 21 are an 
RF demodulator 23 connected to an antenna 22, an A/D 
converter 24 for A/D-converting an output from the RF 
demodulator 23. a data demodulator 25 and a search 
correlator 26 which are connected in parallel with the out- 
put of the A/D converter 24, a de-spread code generator 
(to be simply referred to as a code generator) 28 for gen- 
erating a de-spread code used for de-spread processing 
in the data demodulator 25 and the search correlator 26. 
a search processing control section 27 for receiving cor- 
relation results output from the search correlator 26 and 
extracting a correlation result as a peak value, a search 
processing section 29 for searching for a plurality of code 
phases used for demodulation in accordance with the 
magnitude of the correlation result extracted by the 
search processing control section 27, a CPU 30 for con- 
trolling the search correlator 26. the search processing 
control section 27, the search processing section 29, and 
the code generator 28, and an information demodulator 
31 for demodulating actual information output from the 
data demodulator 25. 

In the SS receiver 21 in Fig. 6, when search process- 
ing for initial acquisition of a code phase used for demod- 
ulation is to be performed, the CPU 30 starts the code 
generator 28 upon supplying a code phase P(0) [phase 
ZERO] from which the search is to be started, a search 
range R [range], and a correlation integration time T 
[time] as information associated with the search to the 
code generator 28. In the search processing for initial 
acquisition, the entire range is designated as R. In 
response to this designation, the code generator 28 gen- 
erates de-spread codes used for de-spread processing 
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at predetermined time intervals while sequentially 
changing the code phase. Letting P(i) be the code phase 
to be generated, the code generator 28 generates a total 
of R code phases while changing the code phase from 
P(0) to P(R - 1 ) a unit phase at a time. 5 

The CPU 30 starts the search correlator 26 upon 
supplying the correlation integration time T thereto. In 
response to this, the search correlator 26 obtains the cor- 
relation between the output from the A/D converter 24 
and the de-spread code corresponding to each of the 10 
code phases P(i) sequentially output from the code gen* 
erator 28 for the time T, and sequentially outputs the cor- 
relation results to the search processing control section 

27. Letting W(i) be the correlation results associated with 

the code phases P(i) generated by the code generator is 

28. the search correlator 26 outputs a total of R correla- 
tion results from W(0) to W(R - 1). 

The CPU 30 supplies the code phase P(0)> from 
which the search is to be started, and the search range 
R to the search processing control section 27, and 20 
instructs the search processing control section 27 to start 
the search processing control tn addition, the CPU 30 
instructs the search processing section 29 to start the 
search processing. The search processing control sec- 
tion 27 receives the correlation results W(i) sequentially 25 
output from the search correlator 26, extracts a correla- 
tion result as a peak value, and outputs it to the search 
processing section 29. The search processing section 
29 detects a plurality of de-spread code phases used for 
demodulation by obtaining a plurality of correlation 30 
results of the correlation results output from the search 
processing control section 27 in the order of decreasing 
values. The search processing section 29 then supplies 
the obtained de-spread code phases as de-spread code 
phases used for data demodulation to the code genera- 35 
tor 28, and notifies corresponding information to the CPU 
30. The CPU 30 determines a search range R (narrower 
than the search range R in the initial acquisition) and an 
initial phase P(0) for synchronous tracking, and causes 
the above components to perform the same search 40 
processing as that described above within in the search 
range. By repeating such an operation, synchronous 
tracking is realized. 

In performing de-spread demodulation of a data sig- 
nal transmitted from the base station, the code generator 45 
28 simultaneously generates a plurality of supplied de- 
spread code phases and outputs them to the data 
demodulator 25. The data demodulator 25 performs de- 
spread processing for the output from the A/D converter 
24 and the plurality of de-spread code phases generated so 
by the code generator 28 separately for a one-symbol 
time, performs predetermined weighting processing for 
the resultant outputs after matching their phase timings, 
synthesizes the outputs, and outputs the resultant data 
to the information demodulator 31 . ss 



Fig. 7 is a flow chart showing an example of process- 
ing performed by the search processing control section 
27 and the search processing section 29 when three de- 
spread code phases used for demodulation are to be 
obtained. In response to an instruction to start search 
processing from the CPU 30, the search processing sec- 
tion 29 initializes internal variables Wt(1), Wt(2), Wt(3) 
where Wt(1) f Wl(2), and Wt(3) mean the third, the sec- 
ond, and the first maximum strongest correlation results, 
respectively. And, Pt(1), Pt{2), and Pt{3) to 0, and the 
search processing control section 27 initializes a variable 
i too (step S1). 

The search processing control section 27 waits until 
the first correlation result W(0) is output from the search 
correlator 26 (step S2). When the correlation result W(0) 
is output, the search processing control section 27 incre- 
ments the variable i by one to "1" (step S3), and warts 
until the next correlation result W(1) is output from the 
search correlator 26 (step S5). When the correlation 
result W(i) is output, it is checked whether the previously 
output correlation result W(0). i.e., W(i - 1), i=l , is larger 
than both the immediately preceding correlation result 
W(i - 2) thereof and the currently output correlation result 
W(i) (step S6). If i - 1 , since a correlation result W(-1) is 
not present, it is only checked whether the correlation 
result W(0) is larger than the correlation result W(1). 

If YES in step S6, the previously output correlation 
result W(i - 1) is output as the correlation result corre- 
sponding to the peak value to the search processing sec- 
tion 29, together with the corresponding code phase P(i 
- 1). The flow then returns to step S3. If NO in step S6> 
since the previously output correlation result W(i - 1) is 
not the peak value, the flow returns to step S3 without 
outputting it to the search processing section 29. In step 
S3, the variable i is incremented by one to "2" to wait for 
the next correlation result W(2) (step S5). Similar to the 
above case, when the correlation result W(2) is output, 
it is checked whether the previously output correlation 
result W(1 ) is larger than both the immediately preceding 
correlation result W(0) thereof and the currently output 
correlation result W(2) (step S6). If YES in step S6 ( the 
previously output correlation result W(1 ) is output as the 
correlation result corresponding to the peak value to the 
search processing section 29, together with the corre- 
sponding code phase P(1 ). The flow then returns to step 
S3. If NO in step S6, the flow immediately returns to step 
S3. The search processing control section 27 repeats the 
above operation until the last correlation result W(R - 1) 
is output from the search correlator 26. When i = R after 
the variable i is incremented by one in step S3, the flow 
advances from step S4 to step S6 via step S13. In this 
case, since a correlation result W(R) = W(i) is not 
present, it is only checked in step S6 whether the corre- 
lation result W(R - 1) is larger than its immediately pre- 
ceding correlation result W(R - 2). If YES in step S6, the 
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to step S3. When the variable i is incremented by one in 
step S3, i = Ft + 1 . The search processing control sec- 
tion 27 therefore terminates this processing after steps 
S4 and S13. 

Meanwhile, every time the search processing sec- s 
tion 29 receives the correlation result W(i - 1) as the peak 
value and the corresponding code phase P(i - 1) from 
the search processing control section 27, the search 
processing section 29 checks first whether the correla- 
tion result W{i - 1) is stronger than the internal variable w 
Wt(1 ) (step S7). If YES in step S7, the search processing 
section 29 shifts the contents of the internal variable 
Wt(2) to the internal variable Wt(3). and the contents of 
the internal variable Wt(1) to the internal variable Wt(2). 
Thereafter, the search processing section 29 stores the is 
current correlation result W(i - 1) in the internal variable 
Wt(1). In addition, the search processing section 29 
shifts the contents of the internal variable Pt(2) to the 
internal variable Pt(3); and the contents of the internal 
variable Pt(1) to the internal variable Pt(2). Thereafter, 20 
the search processing section 29 stores the current code 
phase P(i - 1) in the internal variable Pt(1) (step S10). 

If the correlation result W(i - 1) is not stronger than 
the internal variable Wt(1), it is checked whether the cor- 
relation result W(i • 1) is stronger than the next internal 25 
variable Wt(2) (step S8). If YES in step S8, the search 
processing section 29 shifts the contents of the internal 
variable Wt(2) to the internal variable Wt(3), and stores 
the current correlation result W(i - 1) in the internal vari- 
able Wt(2). I n addition, the search processing section 29 so 
shifts the contents of the internal variable Pt(2) to the 
internal variable Pt(3), and stores the current code phase 
P(i - 1) in the internal variable Pt(2) (step St 1). 

If the correlation result W(i - 1) is not stronger than 
the internal variable Wt(2), it is checked whether the cor- 35 
relation result W(i - 1) is stronger than the next internal 
variable Wt(3) (step S9). If YES in step S9, the search 
processing section 29 stores the current correlation 
result W(i - 1) in the internal variable Wt(3), and also 
stores the current code phase P(i - 1) in the internal var- ao 
iable Pt(3) (step S12). 

If the current correlation result W(i - 1 ) is not stronger 
than the internal variable Wt(3), the internal variables 
Wt(1) to Wt(3) and Pt(1) to Pt(3) are not updated, i.e., 
W(i - 1) is smaller than the max. 3. 45 

When the above processing is performed for all the 
correlation results as the peak values output from the 
search processing control section 27, the three upper 
correlation results having large values of the correlation 
results extracted by the search processing control sec- so 
tion 27 are stored in the internal variables Wt(1), Wt(2), 
and Wt(3), respectively, in the order of decreasing val- 
ues, and a plurality of de-spread code phases used for 
demodulation are respectively stored in the internal var- 
iables Pt(1 ), Pt(2), and Pt(3). The search processing sec- ss 
tion 29 outputs the plurality of de-spread code phases 
stored in the internal variables Pt(1), Pt(2) ( and Pt(3) and 
used for demodulation to the code generator 28 and the 
CPU 30 (step S14) 



For comparison, Fig. 5 shows a flow chart showing 
processing performed by the synchronous acquisition 
tracking unit 12 of the conventional SS receiver 7 to 
obtain three de-spread code phases used for demodu- 
lation. As shown in Fig. 5, in the prior art every time the 
correlation result W(i) between the de-spread code of the 
code phase P(i) and an output from the A/D converter 
10 is obtained, steps S35 to S40 simitar to steps S7 to 
S12 in Fig. 7 are executed. 

Fig. 8 shows the manners of executing search 
processing in the present invention and the prior art in 
the process of obtaining the three code phases Pt(1) to 
Pt(3) (corresponding to the processing in steps S7 to S1 2 
in Fig. 2 in the embodiment of the present invention, and 
the processing in steps S35 to S40 in Fig. 1 0 in the prior 
art) and the search results with reference to the delay 
profile in Fig. 2. Referring to Fig. 8, "O" and " ® " indi- 
cate code phases having undergone search processing. 
More specifically, H <§> 0 indicates a code phase as a 
finally obtained search result. In addition, "x" indicates a 
code phase which has not undergone search process- 
ing. 

As shown in Fig. 8, according to the prior art, all the 
phase codes within the search range undergo search 
processing, and points B, C, and A are detected as code 
phases used for demodulation in the order of decreasing 
correlation results. This is because in the prior art, cor- 
relation results as code phases output from the correlator 
are processed as independent points, in contrast to this, 
in the above embodiment of the present invention, the 
search processing control section 27 extracts a correla- 
tion result as a peak value, and the search processing 
section 29 performs search processing only for this 
extracted correlation result. Since code phases as por- 
tions of the auto-correlation function of the code phase 
B, such as the code phases A and C extracted as search 
results in the prior art, are not peak values, these code 
phases are not subjected to search processing. With this 
operation, search processing is performed for only code 
phases which do not contain portions of the auto-corre- 
lation function of a given spread code. As a result, the 
points B, E, and H are detected as code phases to be 
used for demodulation. 

As is apparent from the number of H X"s in Fig, 3. in 
this embodiment, the majority of the correlation results 
of all the code phases in the search range are not peak 
values and hence are not subjected to search process- 
ing, unlike the prior art in which all the code phases in 
the search range are subjected to search processing. 
Therefore, even in consideration of an increase in the 
amount of processing performed by the search process- 
ing control section 27, the total processing amount can 
be reduced, leading to a reduction in the overall power 
consumption of the receiver. 

Fig. 9 is a block diagram showing another SS 
receiver to which the present invention is applied. The 
same reference numerals in Fig. 9 denote the same parts 
as in Fig. 6B. Reference numeral 27* denotes a search 
processing control section; 29*. a search processing sec- 
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tion; 41, an SS receiver; and 42, a threshold setting 
means. Fig. 10 is a flow chart showing an example of 
processing performed by the search processing control 
section 27' and the search processing section 29* when 
three de-spread code phases used for demodulation are s 
to be obtained. This flow chart is different from that in 
Fig. 2 in that step S20 is added between steps S5 and 
S6, and step S21 is added after step S14. 

In the embodiment shown in Fig. 9, when the search 
processing section 29* obtains search results, a mini- 10 
mum correlation resuit Wt(3) of three correlation results 
Wt(1) ( Wt(2), and Wt(3) obtained by the current search 
processing is output to the threshold setting means 42 
(step S21). The threshold setting means 42 obtains a 
threshold a used for the next search processing control 75 
performed by a search processing control section 26' 
from this correlation result Wt(3). Assume that half the 
correlation result Wt(3) is set to be the threshold a. As 
shown in Fig. 10, when the correlation result W(i) is 
obtained from the search correlator 26, the search 20 
processing control section 27' compares a previously 
obtained correlation result W(i - 1) with the threshold a 
set by the threshold setting means 42 (step S20) before 
the processing in step S6 in which the previously 
obtained correlation resuit W(i - 1) is compared with 25 
immediately preceding and succeeding correlation 
results W(i - 2) and W(i) thereof. If the correlation result 
W(i - 1) is larger than the threshold a, the flow advances 
to step S6. With this operation, only a correlation result 
which exceeds a given threshold and becomes a peak 30 
value is output to the search processing section 29', 
thereby further reducing the overall processing amount 
and realizing low power consumption. 

Jn the above case, the threshold a is set on the basis 
of the minimum correlation result Wt(3) of the three cor- 35 
relation results Wt(1), Wt(2), and Wt(3) obtained by 
search processing. However, a threshold may be set on 
the basis of another correlation result or a plurality of cor- 
relation results. Alternatively, a threshold may be sys- 
tematically determined from all correlation results. Also, 40 
a threshold can be set in consideration of the results of 
search processing performed several times in the past. 

The above embodiment has exemplified the case 
wherein three de-spread code phases used for demod- 
ulation are obtained. However, the number of de-spread as 
code phases is not limited to three, and the same effects 
as described above can be obtained as long as a plurality 
of de-spread code phases are obtained. 

As has been described above, according to the 
present invention, of correlation results sequentially out- so 
put from the search correlator, a correlation result larger 
than the correlation results of the adjacent code phases 
is extracted as a correlation result as a peak value. A 
plurality of correlation results are obtained from correla- 
tion results extracted in this manner in the order of ss 
decreasing values, thereby detecting a plurality of de- 
spread code phases used for demodulation. With this 
operation, of signal components in a received signal 
which have arrived at different timings, signal compo- 



nents having large power values can be searched out. 
This can improve the precision of a demodulation result. 

In addition, since the majority of the correlation 
results of all code phases cannot be peak values, the 
number of correlation results processed by the search 
processing section can be greatly reduced. Therefore, 
even in consideration of an increase in the amount of 
processing performed by the search processing control 
section, the total processing amount can be reduced, 
leading to a reduction in the overall power consumption 
of the receiver. 

According to the arrangement which has the thresh- 
old setting means for setting a threshold on the basis of 
a correlation result output in the past and is designed to 
extract a correlation result which exceeds this threshold 
and is larger than the preceding and succeeding corre- 
lation results output, and cause the search processing 
section to process the extracted correlation result, fur- 
ther reductions in overall processing amount and power 
consumption can be attained. 

Claims 

1 . A de-spread code phase detection apparatus in an 
spread spectrum receiver having a RAKE synthesiz- 
ing demodulation function of receiving a pilot signal 
and a data signal which have undergone spread 
spectrum modulation, detecting a plurality of differ- 
ent de-spread code phases used for demodulation 
by performing de-spread processing of the pilot sig- 
nal, separately performing de-spread demodulation 
of the data signal by using the plurality of de-spread 
code phases, performing predetermined weighting 
processing for the outputs upon phase matching, 
synthesizing the outputs, and outputting the result- 
ant data, comprising: 

a search correlator for obtaining correlation 
results of the pilot signal and a de-spread code while 
sequentially changing a phase of the de-spread 
code; 

a search processing control section for 
receiving correlation results sequentially output from 
said search correlator and extracting a correlation 
result as a peak value; and 

a search processing section for detecting a 
plurality of de-spread code phases used for demod- 
ulation by obtaining a plurality of correlation results 
from the correlation results extracted by said search 
processing control section in the order of decreasing 
values. 

2. An apparatus according to claim 1, wherein said 
search processing control section determines a cor- 
relation result as a peak value by comparing a cor- 
relation result output from said search correlator with 
immediately preceding and succeeding correlation 
results. 
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An apparatus according to claim 2, further compris- 
ing threshold setting means for setting a threshold 
on the basis of a correlation result output from said 
search correlator in the past, and 

wherein said search processing control sec- 5 
tion extracts a correlation result which exceeds the 
threshold set by said threshold setting means and is 
larger in value than preceding and succeeding cor- 
relation results. 
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lation function of receiving a pilot signal and a data sig- 
nal which have undergone spread spectrum 
modulation, detecting a plurality of different de-spread 
code phases used for demodulation by performing de- 
spread processing of the pilot signal, separately per- 
forming de-spread demodulation of the data signal by 
using the plurality of de-spread code phases, perform- 
ing predetermined weighting processing for the outputs 
upon phase matching, synthesizing the outputs, and 
outputting the resultant data, includes a search correla- 
tor, a search processing control section, and a search 
processing section. The search correlator obtains corre- 
lation results of the pilot signal and a de-spread code 
while sequentially changing the phase of the de-spread 
code. The search processing control section receives 
correlation results sequentially output from the search 
correlator and extracts a correlation result as a peak 
value. The search processing section detects a plurality 
of de-spread code phases used for demodulation by 
obtaining a plurality of correlation results from the corre- 
lation results extracted by the search processing control 
section in the order of decreasing values. 




Q. 
LU 



Piimod t>y Xeiox (UK) Busmoaa Servians 
2.15.11*1.4 



EP 0 718 998 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document *ith indication, where appropriate* 
of relevant passages 



EP 0577044 Al 
(MITSUBISHI DENKI K.K.) 
05 January 1994 (05.01.94) 
page 9 , claims 1,2. 

GB 2268364 A 
(ROKE MANOR RESEARCH) 
05 January 1994 (05.0.1.94) 
fig. 3, abstract. 

DE 3743732 Al 
(ANT NACHRI CHTENTECHNI K ) 
13 July 1989 (13.07.89), 
abstract. 



Relevant 
to claim 



EP 951200n4 7_ 



CLASSIFICATION OF THE 
APPLICATION (Int. CI 6) 



H 04 J 13/02 



The present search report has been drawn up for all claims 



TECHNICAL FIELDS 
SEARCHED 0-6) 



H 04 J 
H 04 B 



Pttcc of March 

VIENNA 



D)l« of completion «f I be umk 

18-12-1997 



Exuftlncr 

DR&SCHER 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

V : particularly relevant if combined with another 

document of I he same category 
A : technological background 
O : non-written discfosure 
P : intermediate doormen*, 



T : theory or principle underlying the Jnveniion 
E : earlier patent document, bat published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 



A : member of the same patent family, corresponding 
document 



2 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




FADED TEXT OR DRAWING 



